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A  FATAL  ANzGMIA  WITH  ENORMOUS  NUMBERS  OF 
CIRCULATING  PHAGOCYTES) 
BY  MARY  W.  ROWLEY,  M.D.,  BOSTON. 
Phagocytosis of  red  cells,  and  to  a  lesser  extent  of  white  cells, 
has long been known to  occur  within the blood-making organs  of 
the body in health and to a  greater degree in disease.  The interest 
of the present case is that it exemplifies the occurrence of extensive 
phagocytosis in the peripheral blood, involving a  destruction of red 
cells  so  rapid  that  it  may  well  have  been  the  cause  of  the  fatal 
anaemia which ensued.  As  to the cause of this phagocytosis I  am 
altogether in doubt, but since it involved every type of leucocyte in 
the blood, it seems reasonable to attribute it to the presence of auto- 
haem-opsonins in the serum.  Details of the case are as follows : 
Clinical History.--The  patient  was  a  male,  Russian  Jew,  twenty-seven years 
old.  He  had  resided one year in  Boston.  His  family history, past history and 
habits were good.  The present illness was  from five to  six months in  duration. 
The  first  symptoms  were palpitation  and  dyspncea;  five  or  six  weeks  later  his 
feet began to swell and he coughed much, especially when lying on the right side. 
Examination  April  2o,  I9o7,  showed  a  well-developed  and  nourished  man, 
cyanotic  and  dyspnoeic  on  the  slightest  exertion.  The  fingers  were  markedly 
clubbed. 
Heart's apex  was  in  the fifth space,  one  and  a  half inches outside the nipple 
line;  the  right  border  was  just  outside  the  edge  of  the  sternum  on  the  right. 
Action of the heart was  regular.  There was a  systolic murmur at the apex and 
a  diastolic murmur  loudest at  the  third  left  costal  cartilage;  a  systolic murmur 
was  heard  along  the  right  side  of  sternum,  opposite the  first,  second, and  third 
ribs.  The  apex  systolic murmur  was  transmitted along the  ribs  and  also  heard 
in the back  at  the angle of the  left  scapula.  The  pulmonary second sound  was 
accentuated.  Corrigan  pulse  was  present. 
The  chest  showed  inspiratory  retraction  of  the  intercostal  spaces  especially 
near  the  right  nipple.  There  was  noisy  breathing  over  most  of  the  chest  in 
front and over the upper part behind.  Scattered moist rales were most numerous 
below;  in  the  upper  part  of  the  chest  were  whistling  rales.  At  the  bases  of 
both  lungs  posteriorly  the  breath  sounds  were  nearly  absent  (especially on  the 
left)  and  there  was  dulness  on  percussion  with  diminished  voice  sounds  and 
fremitus. 
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The abdomen  was  distended  and tympanitic; the liver dulness  extended  from 
a point  about an inch below  the  rib margin to the  fifth  rib.  The abdomen  was 
too  distended  to  allow  palpation  of the  liver or  spleen.  No  fluid  was  found. 
The patient complained  of much tenderness  and pain  in  the  splenic  region  and 
a  dragging  sensation.  The  legs  showed  oedema extending  to  just  below  the 
knees.  The  reflexes  were  normal.  A  few  enlarged  glands  were  palpable  in 
the  groins.  The  patient  lived  thirty-four  days  after the  date  of this  examina- 
tion.  (.Edema  of the extremities with double hydrothorax, great eyanosis, jugular 
pulsation  and  Cheyne-Stokes  breathing gradually developed.  The  urine  showed 
the  usual  evidences  of renal  congestion.  The  anaemia steadily  progresse~t.  A 
small  pharyngeal abscess  was  opened  May 8  and  found  to  contain  many poly- 
nuclear  and  very few mononuclear  leucocytes.  A  blood  culture  was  taken with 
negative  results. 
May 24 the patient died. 
Obviously  the  patient  suffered  and  died  from  aortic  and  mitral 
disease with anaemia.  But  the  chief interest  in  the case is  centered 
in the blood. 
The Blood.--With  the  exception  of two  weeks,  when the  patient 
was in the Massachusetts  General  Hospital, 2 he was under  my con- 
stant observation from March  I,  I9o7, to the day of his death,  May 
24,  I9o 7.  Cover-glass  smears  were  taken  daily  and  counts  of  the 
red  and  white  corpuscles  were  made  at  various  times  as  shown  by 
one  of  the  accompanying charts,  which  shows  a  very  marked  and 
increasing  leucocytosis  with  anaemia.  An  early study of the  blood 
with  the  warm  stage  revealed the  fact that  there  was active phago- 
cytosis of red  and  white cells not  only by the  "large lymphocytes," 
but  also by the  polynuclear  cells  and  by  every variety of  leucocyte 
known in normal blood.  The findings suggested a  careful and thor- 
ough examination  of the  stained  smears which  confirmed the  warm 
stage  findings.  In  this  case  not  only  were  the  usual  blood  cells 
(polynuclear  leucocytes,  lymphocytes,  eosinophiles  and  mast  cells) 
engaged  in  phagocytosis,  but  also  the  myelocyte and  another  type 
of cell,  similar to that  which  has been described as a  "plasma  cell." 
IiZarm Stage Findings.--With the warm stage the "lymphocytes" 
appeared  to  be very sensitive,  responding  immediately to  increased 
heat  before  one  would  suppose  that  the  stimuli  had  time  to  reach 
them.  Striking  the  slide  with  a  pencil  would  disturb  the  cells  and 
cause them to draw in their processes. 
=A report of this case has been published  by Dr. W. B. Bartlett, House officer 
at  the  Massachusetts  General  Hospital  (Boston Medical and Surgical Journal, 
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An  attempt  to  stain  the  cells  on  the  warm  stage  by putting  the 
stain  on  the  slide  at  the  edge  of  the  cover-glass  so  that  it  would 
run  under the cover-glass,  stopped all  motion in the leucocytes and 
the  red corpuscles in their  rush  across the  field easily broke off the 
processes of the "lymphocytes." 
I.  The Capture and Destruction  of Cells by  "Lymphocytes."--I 
found in all the warm stage preparations  many round, mononuclear, 
non-granular  cells  which  on  the  cold  slide  were  of  the  size  of  a 
lymphocyte either  of the large or of the  small variety.  I  shall  call 
them  "lymphocytes"  without meaning thereby to suggest any theory 
of their  origin. 
I.  Changes in the Cell and in the Nucleus.--On  reacting to heat, 
the lymphocytes spread out so as to attain  sometimes a  great size-- 
ahnost  filling  the  field  of  an  oil  immersion  lens  with  No.  3  eye- 
piece  and  processes  of  protoplasm  came  out  of  them,  one  going 
over three fields of the oil immersion  lens  (No.  3  eye-piece).  The 
structure of the nucleus was not noticed until after the cell began to 
enlarge;  then  the  nucleus  also  enlarged  rapidly,  but  after  it  once 
became  enlarged  the  nucleus  rarely  went  back  to  its  former  size 
and  compactness,  no  matter  what  changes  took place  in  the  proto- 
plasm,  not  even  when  a  shock  was  transmitted  to  the  cell  which 
caused  it  to  pull  in  its  processes  and  to  contract  its  protoplasm 
closely around  the  enlarged  nucleus.  (Plate  IV,  Fig.  I,  c,  shows 
a  lymphocyte  whose  protoplasm  has  returned  to  the  former  size 
while  the  nucleus  still  remains  enlarged.)  Some  of  the  small 
lymphocytes enlarged but little under the influence of heat and  cap- 
tured only such cells as were in immediate contact with them. 
During  phagocytosis  the  form  of  the  cell  changed  rapidly  and 
continuously,  new processes going out,  those already out changing 
their  position,  inclusions being destroyed or more being taken  in,- 
all  during  the  few  seconds necessary  to  make  a  rough  sketch.  If 
the smears were thick, the processes would start out as thin streams, 
widening  when  some  distance  away  from  the  cell.  Often  the  cell 
nucleus  would  break  and  large  pieces  of  it  would  be  carried  out 
into  one  or  more  of  the  processes.  (See  Plate  VII,  Fig.  4,  and 
Plate X, Fig.  I, where pieces of the nucleus can be seen in the proc- 
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back into the cell, .zc~.hich z~,as theu multiuucIear.  With the recogni- 
tion  of  this  fact  it  is  perhaps  unwise to  speak  of  these  cells  any 
longer as lymphocytes, since lymphocytes have always been defined 
as  mononuclear.  But  the  mononuclear  lymphocyte,  as  we  ordi- 
narily see and  define it,  is  in  fact  the resting  lymphocyte.  When 
it is active, as in some cases of lymphatic leuc~emia and in this case, 
the nuclear material  is  certainly divided.  In  view of the  staining 
reactions of both the nucleus and the protoplasm and of the transi- 
tion stages recognizable between the classic lymphocyte and the most 
extreme modification,  the  huge,  multinuclear,  many-tailed cells  of 
this  patient's  blood--it  seems  best  still  to  retain  the  old  term 
"lymphocyte." 
2.  The Process of Capture.--Both red and white cells were cap- 
tured and destroyed.  Two methods of capture were observed.  In 
the first a process would emerge and envelop cells immediately adja- 
cent.  In the second a  process  would reach out  for some distance, 
turn as if intending to "round up" a cell lying free in its concavity, 
then suddenly turn again  (making a double curve) and envelop cells 
that had floated against its convex side while it was making its first 
turn.  Exactly this order or procedure was followed countless times 
and by many different cells. 
3.  The Process of Destroying Leucocytes.--The inclusions were 
sometimes  destroyed within  the  processes,  sometimes  drawn  back 
into the body of the cell and destroyed there.  Inclusions were not 
:always immediately destroyed.  A phagocytic cell would sometimes : 
(a)  destroy one inclusion at a  time,  or  (b)  take in  several before 
destroying any, or  (c)  destroy one while it was capturing others. 
The white cells were destroyed by lymphocytes in  two ways: 
(~)  Mecha~ieal.--The protoplasm of the phagocytic lymphocyte 
would repeatedly knead and squeeze the cells until they were broken 
up  and  their  pieces  scattered  through  the  body  of  the  phagocyte. 
When  a  polynuclear neutrophile was  ingested  and  compressed,  its 
nucleus  always  became  spherical  and  either  remained  so  or  was 
later broken up into smaller spheres  (Plate III, Figs.  3, a, and 6,  b, 
and Plate IV. Fig. 4, b).  The crushing, kneading motions went on 
with machine-like regularity and approximately at a  steady rate. 
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appeared to fade away, its nucleus breaking up or dissolving in situ, 
while  the  granules  of  the  protoplasm  gradually  disappeared  until 
nothing  was  left  of  the  inclusion  but  a  shell  or  "cloudy"  spot  in 
the  phagocyte  at  the  point  where  the  captive had  been  (see  Plate 
VIII,  Figs. 4 and  5).  The mechanical and chemical destruction of 
white cells by lymphocytes are shown in  Plates VII and VIII. 
A  study of the stained specimens showed that when a  polynuclear 
cell was well advancd in the process of being destroyed by a  phago- 
cyte  (whether  the  phagocyte was  a  polynuclear  cell,  a  lymphocyte, 
or an  eosinophile)  the nucleus  and  protoplasm  of the  captive took, 
with  Wright's  modification of Leishman's  stain,  a  decided greenish 
blue  color.  Occasionally  the  nucleus  but  not  the  protoplasm  was 
so stained. 
Occasionally  when  the  cells  were  closely massed,  a  change  was 
found  in  the  staining  reaction  of  a  polynuclear  neutrophile  which 
had not been ingested but was merely in close contact with a  phago- 
cytic ceil.  The  change  in  color was the  same as that  noted  in  the 
polynuclear cells after having been acted upon by the cells which had 
captured  them. 
4.  Destruction o[ Red Cells after Phagocytosis.--Red corpuscles 
were destroyed on a  larger scale  (and more rapidly)  than  were the 
white corpuscles.  A process of the lymphocyte would often "round 
up" and take in as many as six erythrocytes at a  time.  "When  once 
engulfed the red cells were next compressed into  small yellow dots 
or strings  and  finally disappeared. 
5.  Escape of Captives.--Occasionally a red cell was seen to escape 
after being considerably crushed,  when it would resume at once its 
normal  shape,  showing the wonderful elasticity of red corpuscles. 
Some of the polynuclear cells were also seen to escape after they 
had  been  crushed  until  the  nucleus  was  broken  up  or  had  become 
circular  (Plate nI,  Figs. 3, a, and 6, b; Plate IV, Fig. 4, b).  Such 
cells  showed no amoeboid motion  after  getting  free  and  the  nuclei 
had  lost  their  structure  and  had  hyaline  appearance.  Thus  dam- 
aged a  polynuclear leucocyte came to resemble a  nucleated  red cor- 
puscle  in  some  respects  but  the  neutrophilic  granules  of  the  poly- 
nuclear cell were still apparent. 
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fifteen red  corpuscles  in  half  an  hour;  another  destroyed twenty- 
seven red cells and  fourteen polynuclear cells  in  an hour,  and one 
watched for three hours was seen to engulf and wholly or partially 
destroy sixty-seven red cells and twenty-four polynuclear cells.  At 
the end of that time the lymphocyte was still active. 
Two lymphocytes were often seen engaged in destroying one cap- 
tive  and  occasionally a  cell  would be  seen  engulfing a  cell  which 
itself had engulfed others  (Plate X,  Fig.  3). 
II.  Phagocytosis  by PoIynucIear Neutrophilic  Leucocytes.--The 
process is quite different from that seen in mononuclear cells. 
I.  The polynuclear cell sends out one or more very slender string- 
like processes, which appear to arise from the nucleus.  No matter 
how far these strings go out  (and they sometimes traverse several 
microscopic fields, see  Plate  II,  Fig.  4),  little  or no  diminution  is 
apparent in the size of the nucleus or in the protoplasm of the cell 
whence they issue.  These strings  next attach themselves to  other 
cells  (either red or white corpuscles)  by hooking an  end  into  the 
protoplasm  of the captive,  or by spreading out and  fastening over 
it like the fingers of a hand. 
2.  Sometimes the phagocytic cell next moves away, dragging its 
captive along for some distance before pulling it in.  Then after a 
pause,  the  string  shortens and  apparently  recedes into  the nucleus 
whence it came, so that the captive is gradually drawn nearer to its 
captor.  The  force  exerted by  the  action  of  these  strings  is  sug- 
gested in  Plate II, Fig.  2,  where a  lymphocyte is  seen to be pulled 
out of shape after being hooked by the string-like process of a  poly- 
nuclear leucocyte.  Often a  string is seen to  fasten its end in a  red 
cell and pull  it out of shape until  the red has  the appearance of a 
crenated cell. 
3.  When captor and captive havebeen brought into closer contact 
by the action of the "string," the protoplasm of the captor "flows" 
around the captive,  occasionally not  taking in  the whole of it  but 
nipping off a piece.  (See Plate IV, Fig. 2, b, where a  piece of the 
red corpuscle is nipped in this way.)  In many cases a  polynuclear 
cell takes in only a portion of a  lymphocyte, owing to the great size 
of the latter.  The polynuclear cells are ahvays limited in  stretch- 
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would  split,  owing  to  the  large  size  of  the  captives  they  try  to 
ingest.  (See  Plate  IV,  Fig.  I,  a,  where the  polynuclear cell  has 
taken in the protoplasm of a  lymphocyte.) 
Effects  on  the  Cells  Ingested  by  Polynuclear  Neutrophiles.-- 
After a  cell has been engulfed by a  polynuclear leucocyte, there is 
no  evidence of  the  mechanical  compression  so  commonly exerted 
by phagocytic lymphocytes.  Sometimes the included cells seem to be : 
I.  Destroyed by a chemical process; parts of the nuclei disappear, 
and the protoplasm  "fades." 
2.  Sometimes the protoplasm of the captives seems to merge with 
that of the capturing cell, though the nuclei of the captives remain 
like  islands,  unchanged,  in  the  protoplasm  of  the  captor.  This 
process seems to  occur especially when the polynuclear neutrophile 
is  itself ingested by another cell of the same type.  After this  last 
process  has  been  gone  through,  the  capturing  cell  appears  to  be 
larger  than  formerly. 
3.  The red corpuscles ingested appear to "fade," their edges first 
becoming dim  (Plate  IV,  Fig.  6,  b).  They are not  destroyed as 
rapidly as are the white cells.  The lylnphocytes, on the other hand, 
destroy the red cells more rapidly than the whites. 
Possible Relation  of  the Lymphocytes and  Polynuclear Neutro- 
philes to Blood-Plates.--The blood-plates were enormously increased 
in  all  the  specimens of blood  taken  in  this  case.  In  preparations 
studied on the warm stage I  noticed that the polynuclear cells and 
lymphocytes while in active amoeboid motion were constantly losing 
small pieces of their protoplasm.  These loose fragments bore very 
close morphological likeness to the blood-plates, as seen in film speci- 
mens taken at the same time, and a careful search of the slide failed 
to reveal any blood-plates differing from these broken-off pieces of 
protoplasm. 
Amceboid Locomotion of the Polynuclear Leucocytes.--Two parts 
could be distinguished in the polynuclear leucocytes--a clear portion 
and  a  granular  one  (suggesting the  endosarc  and  ectosarc of  the 
ordinary pond amoeba).  The polynuclear cells were actively amoe- 
boid;  sending  out  thick,  rounded  processes  from  the  protoplasm, 
wide  or  narrow,  for  long  or  short  distances  and  drawing  up  the 
rest of the cell towards the process  (like a baby creeping)  were the 
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Presence  of  Atypical  Leucocytes  ("Plasma  CelIs").--Among 
the  leucocytes active  and  phagocytic  in  this  blood  were  seen  some 
which  corresponded  fairly  well  to  one  of  the  types  described  by 
some writers as plasma cells.  They resembled in general  the large 
lymphocytes, but their  protoplasm  was  intensely basophilic  (bright 
blue  with  Wright's  stain)  and  contained  large  unstained  granules 
which  could be identified  overlying the  red  or  white  cells  ingested 
(Plate V, Fig. 4).  (I have also heard this cell described as vacuo- 
late&)  Mitosis was found in this  cell as  in  all the other cell types 
of this blood  (Plate  V, Fig.  6). 
I  have several times found similar plasma cells in leuc~emic  blood 
and in one case (lymphoid leuc~emia) I found it containing inclusions. 
Relation  of Phagocytosis  to  the dncemia Seen in This Case.--In 
less than  three months  the patient's  red cells fell  from  5,I2O,OOO to 
1,52o,ooo per cubic centimeter.  This progressive and  fatal anaemia 
(shown in the accompanying chart) might very possibly be explained 
as a  result of the great and continuous destruction of red corpuscles 
by  the  white  cells.  (Plate  IX  suggests  the  number  destroyed.) 
Since one cell destroyed twenty-seven red corpuscles in  an  hour on 
the warm stage at 980 F., when the leucocyte count was  IOO,OOO per 
cubic  millimeter,  if  all  were  engaged  in  the  process  of  destroying 
red cells at the same rate they could destroy all  the  red  cells in the 
body within  two  hours.  Hence  if  even  a  small  proportion  of the 
leucocytes were phagocytic,  even if their  average  rate  of ingesting 
cells  was  considerably  lower  than  that  which  I  observed  on  the 
warm stage at 980  F., the amount of work called  for on the part of 
the  blood-making  organs  would  be  enormous  and  probably  over- 
whelming.  Hence anaemia would result. 
The  Type  of  dnwmia.--The  type  of  anaemia  seemed  to  vary 
curiously  from day to  day;  at  one time  the  specimens  suggested  a 
secondary anaemia with low color index, small corpuscles and normo- 
blasts; at another period I  found appearances  resembling pernicious 
anaemia  with  a  high  color  index,  large  red  cells  and  megaloblasts 
predominating  over the normoblasts.  March  I, when the red count 
was  high  and  the  white  cells  showed but  little  phagocytosis,  com- 
pared  with  later  smears,  an  occasional  large  nucleated  red  cell  was 
seen. 86  Phagocytosis  with Ancemia. 
Kariations in the Counts o[ the Blood Taken [rom Different Parts 
o[ the Body.--May  17,  smears  taken  from  each  ear  showed large- 
sized  red  corpuscles  with  a  high  color  index,  polychromatophilic 
cells  (rarely  a  stippled  one)  and  erythroblasts,  but the  latter  were 
decidedly  more  numerous  in  the  smear  from  the  left  ear,--eleven 
megaloblasts and  two normoblasts  in  a  differential  of two hundred 
white  cells,  while  the  smear  from  the  right  ear  showed  only  two 
megaloblasts  and  one normoblast.  Puzzled  by this  excess of  ery- 
throblasts  from the left ear over those from the right,  I  made a  red 
count  from  each  ear  with  the  following  results. 
Right  ear:  2,74o,0oo  per  cubic millimeter  (only three erythroblasts). 
Left  ear:  1,43o,  ooo  per  cubic millimeter  (thirteen  erythroblasts). 
I  tried  this  experirnent  twice on  the  same  day with  similar  results. 
The  number  of leucocytes in  specimens  of blood taken  from  the 
ears,  face, shoulders, arms,  legs and toes varied greatly at all times. 
Sometimes  successive drops  of blood taken  from  a  single  puncture 
showed very different counts.  The amounts  of phagocytic activity 
also varied  from day to day but phagocytic cells were always to be 
found in smears  from any part of the body and at no time was any 
great search required to find cells with inclusions. 
Possible  Reasons  [or  These  Differences.--The  variation  in  the 
number of white cells in the peripheral  blood from various parts  of 
the body and  even in  successive drops  from  the  same puncture  (as 
shown both by white counts and smear-preparations)  might be par- 
tially explained by the fact that the cells showed a tendency to clump 
and  adhere  in  masses.  This  was  seen  on  the  warm  stage,  in  the 
blood  counting  chamber  and  in  the  stained  film-specimens.  As 
many  as  fifty  cells  were  sometimes  found  massed  together.  But 
though  this  agglutination  might  explain  in  part  differences  in  the 
white  counts,  it  does  not  help  to  explain  the  variation  in  the  red 
counts,  for  no  such  agglutination  was  noted  among  the  red  cells. 
The  variations  in  the  total  leucocyte curve  are  more  reasonably 
explained,  I  think,  as due chiefly to the variations in the amount of 
phagocytosis of leucocytes by leucocytes. 
The lcerger number of the actively phagocytic lymphocytes present 
in  the  blood  from  the  left  ear  (see  Table  I  showing  differential 
counts)  might  likewise  explain  the  smaller number  of  red  cells  in 
the  same  specimen. 0 
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CHART I.  In  the lower portion of the chart  the solid line  ~  leucocytes 
from  right  ear;  the  broken  line  ....  -~  leucocytes  from  left  ear;  the  dotted 
line  ....  ~--- letmocytes from extremities. 88  Phagocytosis with A~cemia. 
I  have often seen variations in the differential counts in different 
smears taken from one puncture in cases of leuc~emia, both lymphoid 
and myeloid.  Whether there are similar variations in the leucocyte 
counts made with the Thoma-Zeiss apparatus, I  do not know; but I 
hope to work this point out later. 
The Co~trse of the Leucocyte  Curves in This Case.--In  Charts I 
and II, and Table I,  I  have collected the data regarding the leuco- 
cytes in this case.  In Chart I, the counts from the right ear,  from 
the left and from the extremities are separately plotted.  This chart 
80~000 MARcHI 
75~000 
10~000 
650,000 
600,000 
55~000 
500DO0 
450,000 
400,000: 
35O,00O  ~ 
300,000 
250,000 
200,000 
150b00 
100,000 
50,000 
0 ~ 
0 ! 
APRIL  MAY 
8  17  27  4-  12  182530  6  I0  17 23 
/ 
/  ,\ 
/ 
/ 
/  " 
Cna~T  II.  Highest  counts  taken  at  (nearly)  weekIy  intervals. 
shows  that there  was  on  the  whole  an  increase  in  the  circulating 
leucocytes from the 43,000  found March  I  to the  7oo,ooo present 
May 22.  It will be noticed that the last three counts from the ears 
(May 15 ,  17 and 22)  all show more than 450,000  leucocytes. Mary W.  Rowley.  89 
In Chart II. I  have taken the highest counts only as estimated in 
(approximately) weekly examinations and plotted the chart accord- 
ingly on the theory that the high peripheral counts are more likely 
to  be  representative  of  the  whole blood  than  are  the  tow  counts, 
because the low counts are likely to result in part from massing of 
the leucocytes or from the phagocytosis of leucocytes by leucocytes. 
TABLE  I. 
Dates, 
March  1 
March 17 
March 22 
March 30 
April 6 
April 9 
April  I9 
April 23  ( Rt. ) 
....  (Lft.) 
April 3  °  (Rt.) 
....  (Lft.) 
May 5 
May 6  (Rt.) 
....  (Rt.) 
....  (Lft.) 
....  (Eft.) 
May 7 
May 15  (Rt.) 
....  (Lft.) 
....  (Foot) 
May  16 (Rt.) 
....  (Lft.) 
May 17  (Rt.) 
....  (Lft.) 
....  (Finger) 
May 2  3  (Rt.) 
....  (Lit.) 
Differential Count of ~6o White Corpuscles. 
~,,.) 
63. 
56.5 
64.5 
56.5 
64 • 
63. 
77-5 
77.5 
46.5 
68. 
47. 
86. 
62. 
69. 
66. 
68.5 
68. 
66. 5 
48.5 
51. 
61.5 
48. 
63. 
58 , 
37. 
65.5 
64.5 
I9. 
I3. 
x7. 
?:5 
3  ° • 
21. 5 
22. 
32 • 
27.5 
3 :5 
22. 
26. 
27.5 
28, 
25.5 
25.5 
43. 
47.5 
33- 
48.5 
35- 
38.5 
54.5 
32.5 
32 . 
,  r  ~ 
=~  o  ~ 
ii.  3-  2.5 
29, 5  I. 
I8.5 
II.5  5-  2.5 
I4. 
1.5  !  2.5  2. 
5.  .5 
2~.5 
2.  2.  ,5 
21. 
I. 
I315  I.  2. 
2 5  2. 
5.  1.5  1.5  1 
1.5  3.  i  .5  3.5  i. 5  .  x. 
4.5  -5  -5  2. 
1.5 
4.  I.  ,5 
2.5  .5 
I,  '5 
•  5  I. 
5.5  2.5 
5.  1.5 
2.5  .5  .5 
1.5 
I. 
.5 
5.5 
2. 
L 
I. 
.5 
.5 
2, 
.5 
Found in Count of 
20o White Cor- 
puscles- 
3  I 
I  I 
I 
6  2 
I  I 
4  2 
2  I 
II  2 
I  I 
I 
I  I 
The  differential  counts  (see  Table  I)  are  difficult to  interpret. 
Except on one day; smears taken from the right ear showed always 
a  much higher percentage of polynuclear cells than did the smears 
from the left ear, while the mononuclear cells were correspondingly 
more numerous on the left than on the right side.  The percentage 
and absolute number of large phagocytic "lymphocytes"  increased as 
the case progressed and the number of small lymphocytes diminished. 90  Phagocytosis  with Anaemia. 
Eosinophiles  varied  from  zero  to  23,ooo per  cu.mm. 
Mast  cells  varied  from  zero to  ii,6oo  per  eu.mm. 
1V[yelocytes varied  from  zero  to  II,5OO  per  eu.mm. 
" Plasma  cells"  varied  from  zero  to  IO,4OO per  cu.mm. 
Megaloblasts  varied  from  zero  to  28,000  per  eu.mm. 
(May  17.) 
(May  6.) 
(May  5.) 
(May  17.) 
(May  17.) 
Effect  of  the  Patient's  Blood  in  Stimulating  Phagocytosis  b~ 
Other Human Blood.--One platinum loop full of the patient's blood 
was mixed with about ten loops of blood taken from a healthy adult, 
whose  blood  had  previously  been  examined  and  found  to  be  free 
from  phagocytosis.  The  two were mixed  upon  a  cold  glass  slide, 
covered with two cover slips and put upon the warm stage at 980 F 
On  immediate  examination  very little  phagocytosis was  observable 
and  the  experiment  was  at  first  considered  negative,  but  an  hour 
later  a  very much  larger  number  of cells were  found  to be phago- 
cytic and finally all the mononuclear cells of the mixed blood showed 
phagocytic activity. 
Since not all of these mononuclear cells can have come from the 
patient's blood a part at least of the phagocytic activity of the mixed 
blood must be attributed to a stimulus exerted upon the normal leuc- 
cocytes by  the  presence  of  substances  (perhaps  opsonins)  in  the 
patient's serum. 
Animal Experiment.--In  the last week of April,  19o7, five drops 
of the  patient's  blood was  diluted  with  about  a  drachm  of  normal 
salt solution and introduced into the subcutaneous tissue of a guinea- 
pig's  abdomen.  The  blood  of  this  animal  had  previously  been 
examined  carefully  and  found  to  contain  no  evidences  of  phago- 
cytosis. 
About two weeks after the introduction of the patient's blood into 
the  guinea-pig  specimens taken  from the animaI's  ear  vein  showed 
that  approximately  two  thirds  of  all  the  mononuclear  cells  were 
engaged  in  phagocytosis.  The  cells  included  by  the  phagocytes 
were mostly mononuclear leucocytes, but one polynuclear cell and  a 
few red corpuscles were also ingested. 
Two  weeks  after  this  or  four  weeks  from  the  time  when  the 
patient's  blood was  first  introduced  into  the  guinea-pig,  the  blood 
from the animal's  ear vein showed that phagocytosis was still going 
on, though only about one half as many cells as formerly were now 
found to  contain  inclusions. Mary  W.  Rowley.  91 
Two  months  after  this,  or  three  months  from  the  time  of  the 
original  injection, the animal's  blood was again  examined.  Phago- 
cytosis  had  then  almost  entirely  ceased.  The  animal  was  killed 
and  autopsied but nothing  abnormal  found. 
The Extraordinary Vitality of the Phagocytic Leucocytes  in Tl~is 
Case.--When removed from the body the leucocytes from this  case 
preserved  their  powers  of motion  and  phagocytosis  for  weeks and 
even for months as is shown by the following experiments : 
I.  April  2o,  I9O7.--A  drop  of  this  patient's  blood  was  drawn 
into  the  Thoma  Zeiss  pipette  and  then  diluted  with  0. 5  per  cent. 
acetic acid.  May IO an examination  of a  drop of this diluted blood 
(which  had  remained  for  nearly  three  weeks  in  the  bulb  of  the 
pipette)  showed that  the  leucocytes were still  amoeboid,  phagocytic 
and  able to  send  out  processes reaching  across  two  squares  of  the 
counting  chamber. 
2.  April 22.--Examination  of the patient's blood showed 3,29o,ooo 
red  cells  and  6,8oo  leucocytes  per  cubic  millimeter.  The  diluted 
blood was then left  (sealed up)  in the pipettes.  May 18  (or nearly 
a month later)  the contents of the pipettes was again examined with 
the following results:  Red cells 9,ooo, leucocytes 5,4oo. 
There  was  then  added  to  the  remaining  portion  of  the  diluted 
blood  a  small  amount  of  normal  blood,  so  that  the  figures  were 
increased to: Red cells 2,684,ooo, white cells  72,ooo. 
Eight hours later this mixture was again examined.  No locomo- 
tion and no evidences of phagocytosis could then be seen, but twenty- 
four  hours  later  (thirty-two  hours  since  the  addition  of  normal 
blood)  another  examination  showed  that  motion  and  phagocytosis 
had  begun again  and  the cells were decidedly active. 
August 22,  I9O7.--I  examined  a  specimen  of the patient's  blood 
which had been }aken in May, diluted  (as usual)  with Gower's solu- 
tion  and  preserved  in  the  bulb  of  the  pipette.  Even  at  this  time, 
that  is, after more than  three months,  the leucocytes were found to 
be still motile and phagocytic. 
Possible  Explanations  for  the  Phenomena  Here  Described.-- 
When the blood of this  case was first examined  attention  was  con- 
centrated  on the unusual  appearances  of the  large  phagocytic cells. 
What were they and whence did they arise?  \Vere they parasites? 92  Phagocytosis  with A~ta,  mia. 
Were they bone-marrow giant-cells ?  What was the reason of their 
appearance ?  " 
Further study of the blood, especially with the warm stage brought 
out three important  facts: 
I.  A  large  portion  of  the  protoplasm  of  the  strange  cells  was 
made  up of other  cells which they had  ingested. 
2.  When free from such inclusions the majority of the phagocytic 
cells had essentially the characteristics of some of the "large lympho- 
cytes"  (or large,  mononuclear,  non-granular  cells), which are  seen 
in  large numbers,  for example,  in  malaria  and  in  small  numbers  ill 
normal  blood.  Every  transition  was  found  in  the  patient's  blood 
between  the  ordinary  large  lymphocyte  and  the  huge  branching 
phagocytic cells. 
3.  Most important,  however, was the discovery that  not only the 
"large  lymphocytes "  but all the  familiar  leucocytes, i.  e., the poly- 
nuclear  neutrophiles,  eosinophiles,  mast  cells  were  in  this  case  en- 
gaged  in  phagocytosis,  though  no  cell  type  was  as  active  as  the 
"large  lymphocyte." 
This last fact suggested inevitably the inference that  the presence 
of  the  enormous  multitude  of  phagocytic  cells  here  described  was 
the result not of an invasion of the blood stream by foreign cells, but 
of changes in the serum which either  (a)  opsoni~ed  the red and the 
white cells and rendered them savory morsels for the phagocytes, or 
(b)  stimulated the ordinarily feeble phagocytic powers possessed by 
all the leucocytes of the blood, or  (c)  produced both these results. 
The  presence  of auto-opsouins  or  auto-hcem-opsonb~s  in  the  pa- 
tient's blood would explain all the facts of the case. 
A  glance at the table of differential counts on page 8 9  shows that 
the  different  varieties  of  leucocytes  were  present  in  essentially 
normal  percentages,  or,  in  other  words,  that  the  stimulus  leading 
to the  increase  (and  presumably to  the phagocytic activity)  of the 
cells was exerted on all the leucocytes and not on any single variety. 
But the presence of myelocytes and other abnormal varieties (plasma 
cells)  suggests  that  we have to  do in  this  case not merely with  an 
aggregation  of  leucocytes  in  the  peripheral  blood but  with  a  new 
formation  in  tile  blood-making  tissues  (leucmmia).  Phagocytosis 
was performed by these abnormal varieties--myelocytes and plasma Mary W.  Rowley.  93 
cells--as well as by the normal varieties of leucocytes.  (A plasma 
cell is shown in Plate V, Fig. 4, acting as a  phagocyte.) 
The auto-h~em-opsonic theory here advanced as an explanation of 
the facts in this case is further supported by the human and animal 
experiments which have been described. 
This case and that reported by Dr. VanNuys,  3 which I  believe to 
be practically identical with this one, are the most marked instances 
of  peripheral  intravascular  phagocytosis;  but  for  several  years  I 
have  occasionally  recognized  in  the  peripheral  blood  of  ordinary 
cases  of  leuc0emia--both  myeloid and  lymphoid--phagocytosis  of 
other blood  cells performed by each of the types of leucocytes.  I 
hope to work up and report more fully on this matter in a later paper. 
No autopsy was allowed but punctures were made into the spleen, 
the liver, the enlarged inguinal glands and the lungs. 
In  the  blood  drawn  from  the  spleen  I  found  essentially  the 
conditions  described  in  the  peripheral  blood.  There  were  also  a 
good many giant  cells  from twenty to  thirty microns in  diameter 
and containing many nuclei  (five to seven), sometimes peripherally 
arranged (Plate X, Fig. 5).  To nay surprise not one of the forty or 
fifty giant cells examined showed any inclusions or other evidence 
of phagocytosis.  The  different varieties of leucocytes already de- 
scribed as phagocytic in  the peripheral blood were also  phagocytic 
in the spleen. 
In  the blood  from  the lungs  polynuclear leucocytes were  much 
more numerous  than  in  the  peripheral  blood  and  often  contained 
cocci.  The  smears  from  liver  and  lymph  glands  showed nothing 
remarkable. 
I  wish to express my gratitude for constant assistance and advice 
to  Dr.  Stuart  J.  Lawson,  to  whom  I  owe  the  micro-photographs 
for this  article.  I  have also been greatly aided by the encourage- 
ment and advice of Dr.  Eugene L. Opie,  Dr.  Ludwig Hektoen and 
Dr. Mark W.  Richardson; by Dr.  G.  G.  Sears, who kindly allowed 
me to study the case in his wards at the Boston City Hospital,  and 
by Dr.  Richard C.  Cabot,  who has  studied many of my specimens 
and  verified  my  findings.  To  all  of  these  gentlemen  I  wish  to 
express my sincere thanks. 
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EXPLANATION  OF  PLATES. 
PLATE I. 
FIG.  I.  (a  and  b) X  I53O.  Polynuclear  leucocytes  with phagocytic  processes 
starting out  from the nuclei and  crossing adjacent cells.  Note  in  Fig.  I  (a  and 
b)  and in  Fig. 2,  the gourd-shaped  enlargement at  the extremities  of  the narrow 
process. 
FIG.  2.  (a and  b)  X  765.  Shows  a  polynuclear cell  with a  process  extending 
across  an  entire  field.  At  the  right  of  the  field  is  a  typical  phagocytic 
"lymphocyte." 
FIG.  3.  X  765.  A  process  from  a  polynuclear  cell  showing  division  into 
several  strands. 
FIG.  4.  X  675.  A  polynuclear cell  with two  phagocytic processes,  the  longer 
one  is  attached  to  a  red  corpuscle,  the other  (and  shorter process)  splits  at  the 
end and encloses a  polynuclear cell  like the fingers of a  hand. 
PLATE II. 
FIG.  I.  X  765.  Shows  a  polynuclear  leucocyte  (distorted  and  torn  by  tech- 
nique)  with  its process  attached  to  and  constricting a  portion  of  the  protoplasm 
of a  lymphocyte  (the arrow points to  the constriction). 
Fro.  2.  XI215.  Shows  at  the  top  of  the  figure  a  polynuclear  cell  with 
phagocytic  process  attached  to  a  lymphocyte. 
FIG.  3.  XI53O.  Shows  a  process  coming  from  a  polynuclear  cell  in  the 
upper left-hand portion of the figure;  the process  is  composed of  several strands. 
Some of them are torn, some turn and go under, but do not touch the lymphocyte 
which is just below the polynuclear cell. 
FIG.  4-  )< 225.  Shows  the  latter  polynuclear  cell  on  the  extreme  left  and 
gives  some  idea  of  the  length  of  some  of  the  processes.  The  strand  is  broken 
in  one  place,  but  one  of  its  threads  remains  intact  and  connects  with  the  point 
on  the  right  of  the  field  where  the  string  is  again  seen  distinctly.  The  very 
marked  increase of  leucocytes  can be  estimated  from  this  field. 
PLATE III. 
FIG.  I.  X  II25.  A  leucocyte  in  mitosis.  With  Wright's  modification  of 
Leishman's  stain,  the  protoplasm  shows  the  granulations  of  the  size  and  color 
characteristic  of  the  polynuclear  leucocyte  and  the  structure  of  the  nucleus 
differs  somewhat  from  that  of  any  of  the  lymphocytes  or  myelocytes  seen  in 
mitosis. 
FIG.  2.  X  1125.  One  of  the  giant  polynuclear  cells,  quite  commonly  seen 
in  this  case;  when  measured  with  a  micrometer  these  giant  polynuclear  ceils 
were  found to vary very little in  size.  All  were approximately  34 tz in  diameter. 
Fro.  3.  (a  and  b)  X  II25.  (a)  A  polynuclear  cell  which  has  escaped  after 
being  "mauled"  by  a  phagocyte.  (b)  A  polynuclear  cell  showing  a  loosened 
structure and  a  loop in the nucleus  similar to that seen on the  warm  stage  wher~ 
the nucleus was  about to  send out processes as  the first step  in phagocytosis. 
FIG.  4.  X  153o.  (a)  Polynuclear  cell  showing  the  amoeboid  processes  used 
in  locomotion  (not  phagocytosis).  (b)  X  H25.  Pieces  of  protoplasm  probably 
broken off from  a  polynuclear cell  in  the process  of locomotion. 
FIG. 5.  X  I53O and II25.  Shows various forms taken by the polynuclear cells 
in  the process  of  amoeboid motion. Mary  W.  Rowley.  95 
FIG.  6.  X  1125.  (a)  A  polynuclear cell  with  a  red  corpuscle  included.  (b) 
An  " escaped"  polynuclear  cell  whose  nucleus  has  become  circular  as  a  result 
of  compression  exerted  by  a  phagocyte.  These  " escaped"  cells  when  watched 
on  the  warm  stage  showed  no  amceboid  motion  after  their  "escape."  (c) 
Lymphocyte  in  mitosis. 
PLATE IV. 
FIG.  I.  }< 1530.  (a)  A  polynuclear  cell  with  the  protoplasm  (but  not  the 
nucleus)  of  a  lymphocyte  enclosed.  The  polynuclear  cell  shows  the  stretched, 
split appearance  often  seen  as  the  result  of  attempts  to  take  in  an  inclusion  too 
large to be completely engulfed.  (b)  A  polynuclear cell  with another polynuclear 
partly  taken  in.  (c)  A  phagocytic  "lymphocyte"  showing  the  nucleus  still 
spread  out  so  that  its  structure  can  be  easily  seen  though  the  protoplasm  has 
retracted  to  the  usual  size.  Notice  how  tightly  the  nucleus  appears  to  be 
stretched  "around"  the  protoplasm.  The  protoplasm  retracts  but  the  nucleus 
seldom does. 
FIG.  2.  }< II25.  (a)  A  polynuclear cell  with a  red corpuscle  enclosed  in  an 
"arm"  which is  indicated by dark dots at the rim of the corpuscle.  (b))<  1125 
A  polynuclear  cell  enclosing  a  red  corpuscle,  a  piece  of  which  was  nipped  off 
when the protoplasm of the polynuclear closed around  it. 
FIG. 3.  X  II25.  Shows two polynuclear cells each engaged in engulfing several 
red corpuscles. 
FIG.  4.  X  153o.  (a)  A  poIynuclear  leucocyte  with  another  polynuclear  cell 
ingested  and  partially  destroyed.  (b)  This  figure  shows  the  appearance  of  a 
polynuclear  which  has  escaped  after being partly  destroyed. 
FIG.  5-  )< 153o.  (a)  A  polynuclear  leucocyte  showing  two  compartments 
which contain the remains of former captives.  (b)  A  polynuclear leucocyte with 
another polynuclear cell partly ingested. 
FIG.  6.  (a)  X  1125.  A  polynuclear  leucocyte  whose  protoplasm  has  sur- 
rounded  a  red  corpuscle.  (b))<  153o.  A  polynuclear  leucocyte  with  a  red  cor- 
puscle ingested.  (c)  A  lymphocyte with an inclusion. 
PLATE V. 
FIG.  I.  ~  1125.  An  eosinophile  with  a  red  corpuscle  ingested.  Below  this 
is a  polynuclear neutrophile. 
FIG.  2.  )<: 153o.  .An  eosinophile  with  a  polynuclear  cell  partially  ingested. 
The  part  that  is  being  acted  upon  by  the  enzyme  of  the  eosinophile  is  stained 
blue  while  the  part  that  is  outside  still  retains  the  normal  staining  reaction  of 
the polynuclear cell. 
FIG.  3.  )< I53O.  An  eosinophile  with  two  polynuclear  cells  ingested  (the 
eosinophile granules  do not show well  in the photograph). 
FIc.  4-  X  153o.  A  cell  (with  similar appearance to  a  cell  described by some 
observers  as  a  plasma  cell)  whose  so-called  "vacuoles"  are  opaque  and  do 
not stain with Wright's modification of Leishman's stain, as can be seen by noting 
that some of them overlie the  red corpuscle  which the cell has ingested.  I  refer 
to this cell in the differential counts as  a  "plasma cell." 
Fro.  5-  X  I53O.  The  "plasma  cell"  in  mitosis. 
FIG.  6.  X  153o.  A  similar ceil taken  from a  smear from the patient's spleen. 96  t  ha.q~ c!/hJu~,~" ~cigh ,Ii~mia. 
PLATE VI. 
Fro.  I.  X  1,53o.  (a)  A  mast  cell  with  a  phagocytic  process  extended.  (b) 
A  mast  cell  with  an  inclusion. 
Fla.  2.  (a)  X  I12,5.  A  small lymphocyte showing a  "digestive vacuole" and 
a  long protoplasmic process.  (b) X  153o.  Au  amoeboid myelocyte. 
PLATE VII. 
Mechanical  destruction  of  cells  by  the  lymphocytes. 
FIG,  I.  X  I53O.  A  lymphocyte  capturing  and  constricting a  polynuclear  cell 
in  its  crescent-shaped  "claw." 
FIG.  2.  X  I530.  A  lymphocyte  with two  polynuclear cells  engulfed. 
FIG.  3.  X  153o.  Shows  a  lymphocyte  whose  "digestive  vacuole"  contains 
a  polynuclear cell which has been much compressed by the action of the phagocyte. 
The amount of compression and the force exerted can be estimated by comparing 
the  size  of  the captive  with  that of  the  surrounding  red corpuscles. 
FIG.  4-  X  1125.  A  lymphocyte  with  two  processes  extended;  each  process 
contains  a  piece  of  the  cell-nucleus.  Notice  the  blood  plates  assembled  at  the 
ends  of  each process.  The  lymphocyte  has  ingested  two  polynuclear  leucocytes 
and  compressed  them  until  their nuclei  are  circular. 
FIG.  6.  X  8Io.  Shows  a  single  enormous  lymphocyte  full  of  inclusions  of 
various kinds.  The single loose structured nucleus of the including cell  is visible 
near  the  center.  An  including process  of  protoplasm  can  be  traced  at  the  ex- 
treme  left.  This  cell  was  found  in  a  smear  taken  at  a  time  when  all  the  cells 
were  especially  active  in  phagoeytosis. 
PLATE VIII. 
Chemical  destruction  of cells  (perhaps  by  enzyme). 
FIG.  I.  X  1125.  A  lymphocyte  with  three processes  of  protoplasm  extended 
in preparation  for phagocytosis. 
FIG.  2.  X  153o.  A  lymphocyte containing two polynuclear cells in its "diges- 
tive vacuoles."  (a)  Shows  the  structure  of  the  nucleus  of  the  polynuelear  cell 
just disappearing.  (b)  Shows  a  change in the  structure of both the nucleus and 
protoplasm  of the polynuelear cell. 
FIG.  3.  X  153o.  Shows  very  distinctly  (on  the  left)  a  polynuclear  cell  in 
the process of being destroyed. 
FIG.  4.  X  153o.  A  lymphocyte  whose  digestive  vacuole  contains  but  a 
bluish-stained mass,  probably the remains of a  polynuelear cell. 
FIG.  ,5.  X  I53O.  A  lymphocyte whose digestive vacuole contains only a  shell 
of  the  inclusion. 
PLATE IX. 
Extensive  destruction  of  red  corpuscles. 
FIG.  I,  X  II25.  A  huge multinuclear "lymphocyte" with two  red corpuscles 
ingested  and  its  process  in  the  act  of  capturing  another. 
FIG.  2,  (a)  X  1125.  A  lymphocyte packed  with  captured  red  corpuscles  and 
a  process  out  at  the  upper  end.  (b)  X  450.  Shows  a  polynuclear  cell  caught 
at  one  end;  below  is  a  process  of  protoplasm  surrounding more  cells. 
FIG.  3.  X  I53O.  Cell  with  nine  red  corpuscles  included. THE  JOU,RNAL  OF. EXPERIMENTAL  MEDICINE  VOL.  X.  PLATE  I. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  X.  PLATE  I1. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  X.  PLATE  III. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  X.  PLATE  IV. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  X.  PLATE  V. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  X.  PLATE  VI. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  X.  PLATE  VII. 3-HE  JOURNAL  OF  EXPERI'vlENTAL  MEDICINE  VOL.  X.  PLATE  VIII. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  X.  PLATE  IX. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  X.  PLATE  X. Mary  W.  Rowley.  97 
Fro.  4.  X  II25.  A  cell  with  at  least  eleven  red  corpuscles  included--some 
of  them  partially  destroyed. 
:FIG. 5.  (a  and  b)  X  I53o.  Two  cells  full  of  inclusions.  In  b  twelve  red 
corpuscles  can be counted  at  different levels. 
PLATE X. 
FIG.  I.  ~  450.  Two  lymphocytes  with  thin  processes  widened  at  the  ends. 
Each of the ends contains  a  piece of the cell-nucleus. 
Fro.  2.  X  II25.  (a)  Polynuclear  cell with  threads  from  the nucleus  around 
an  inclusion.  (b)  Lymphocyte  with  polynuclcar  cell  partially  ingested. 
:FIG. 3.  X  I53O.  A  lymphocyte which has  ingested another  lymphocyte which 
itself  contains  inclusions. 
:Fro. 4.  (a  and  b)  X  I7  °0.  Two  small  lymphocytes  with  inclusions. 
FIG.  5.  X  I53o.  A  giant  cell  taken  from  a  smear  from  the  patient's  spleen. 
FIG. 6.  X  I53o.  Leucocytes  (lymphocytes)  with  inclusions;  from  the  blood 
of the guinea-pig after the patient's blood had been  injected into the subcutaneous 
tissue of the animal. 